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Introduction 
 

The frequency of mammary cancer varies in 

different domesticated animals. Dog is the 

most frequently affected domesticated species 

having a prevalence more than three times 

than that in human females (Schneider, 

1970).Canine mammary tumour (CMT) is the 

most prevalent cancer of female dogs 

exceeding 5 years of age (Davidson, 2003; 

Murphy, 2008; Salas et al., 2015), accounting 

above 40% of all tumour diagnosed (Sleeckx 

et al., 2011; Beck et al., 2013).  Half of the 

mammary cancers are benign and can be 

treated by surgery alone while half are 

malignant and have the potential to 
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Canine Mammary Tumour (CMT) is the most common malignancy of unspayed female 

dogs and is of potential importance as a model for human breast cancer. Mortality rate in 

female dogs is three times than that of human females with breast cancer due to lack of 

detection at an early stage. Therefore it is important to identify candidate biomarkers for 

canine mammary tumour with potential for disease diagnosis at early stages. Tumour 

antigen P53 (TP53) is well established marker for human breast cancer studies, however 

few studies have focussed on its characterization in CMTs. Therefore in this study 

immunodominant region in TP53 gene was amplified and cloned in prokaryotic expression 

vector. Further the conditions were optimized for the expression of the recombinant 

protein. The recombinant protein was purified using Ni-NTA affinity chromatography. 

The hyperimmune sera were raised in rabbits against the recombinant protein. In the 

hyperimmune sera, antibodies specific to TP53 were detected by Indirect ELISA, 

confirming the serological reactivity of the immunodominant region. The antibodies raised 

against canine TP53 will be useful in developing assays for detecting TP53 antigen in 

serum of dogs with cancers. Further the purified antibodies can also be utilized for 

detection of TP53 antigen in CMT tissues. 
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metastasize, resulting in high death rates of 

bitches. Mammary cancer malignancy in dogs 

occurs mostly in unspayed female dogs which 

comprise about 52% of all neoplasms 

(Macewenand Withrow, 1996). The mortality 

rates in dogs suffering from canine mammary 

tumour (CMT) are more than three times than 

that of human mammary cancer (Egenvall et 

al., 2005; Shafiee et al., 2013). Thus CMT 

represents an important malignancy of dogs 

which provide ample scope for formulation of 

new methods for disease control and 

management. 

 

The diagnosis of canine mammary tumours 

comprises of physical examination, 

conventional diagnostic procedures (complete 

blood profile, urine analysis, X-Ray of chest 

and abdomen, abdominal ultrasound, CT scan 

and lymph node examination), excisional 

biopsy or fine needle aspiration cytology 

(FNAC) etc. But these conventional diagnosis 

procedures are invasive and can diagnose the 

mammary tumours at a very late stage when 

the tumours start to metastasize and treatment 

becomes very difficult at this stage which 

results in high mortality.  

 

If diagnosis can be done at an early stage 

(even before appearance of symptoms) then 

treatment can be very effective. Thus early 

detection of canine mammary cancer is an 

important factor associated with successful 

treatment. Recently the potential of serum 

cancer biomarkers for early diagnosis of 

cancer is being explored. Serum cancer 

biomarkers have been defined as molecules 

whose level in the serum can be monitored to 

indicate onset and progression of cancer. 

Tumours overexpress certain serum 

biomarkers like Tumours Associated 

Antigens (TAA) which can be used for 

diagnosis and progression of certain cancers 

at very early stage. For example, TAA CA125 

is detected at high level in ovarian cancer 

(Bast et al., 2002), prostate specific antigen 

(PSA) is detected in prostate cancer (Stephan 

et al., 2002) and HER-2 and MMP-9 are 

associated with mammary cancer (Lam et al., 

2012; Yokota et al., 2001). TP53 is also 

called as p53, cellular tumour antigen p53, the 

guardian of the genome and tumour 

suppressor p53. It helps in preventing cancer 

formation and hence function as tumour 

suppressor. For this reason TP53 is also 

known as `the guardian of the genome` as it 

helps in prevention of genetic mutation and 

preserve stability. About 50% of cancers have 

mutation of TP53 gene which results in 

inactivation of p53 pathway and results in 

accumulation of p53 proteins. It allows the 

detection of TP53 protein by a number of 

immunochemical procedures (Haga et al., 

2011). 

 

Though TP53 has been studied extensively in 

human cancer study but not much work has 

been done for studying TP53 as tumour 

associated antigen and early prognostic 

molecule in dogs. Data from molecular and 

clinical researches suggest that canine 

mammary tumour can be used as a model to 

study human breast cancer and vice versa. 

Canine mammary tumour imitates human 

breast cancer and many similarities are found 

at the molecular level including p53 

suppressor gene mutations etc (Queiroga et 

al., 2011). 

 

Materials and Methods 

 

Collection and histopathological analysis of 

tumour tissues 

 

Canine mammary tumour tissues used in the 

study were collected following surgical 

excision of tumour from clinical cases of 

CMT referred for surgery to the ``Referral 

Veterinary Polyclinic`, Indian Veterinary 

Research Institute (IVRI), Izatnagar, Bareilly, 

India. The tissues were fixed in 10% 

Neutral buffered formalin (NBF). 
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Thereafter the tissues were paraffin embedded 

and 5µm sections were cut for 

histopathological examinations. The sections 

were stained by haematoxylin and 

eosin (H&E) stain before examination under 

microscope for signs of malignancy 

 

Amplification and cloning of the TP53 gene 

 

Escherichia coli (E.coli) KRX cells 

(Promega, Madison, USA) were used in the 

study for gene cloning.RNA was isolated 

from CMT tissue sample by Trizol method as 

per the guidelines. Quantification of RNA 

was performed using Qubit RNA BR Assay 

Kit (Invitrogen, USA). Revert Aid cDNA 

synthesis kit (Fermentas, USA) was used to 

produce cDNA from total RNA as per the 

manufacturer`s protocol. The cDNA from 

CMT tissue sample was synthesised using 

Oligo (dT) primers, dNTPS, RNAase 

inhibitor, total RNA and reverse transcriptase 

in a total volume of 20 µl. The prepared 

cDNA was stored at -80°C for further use.The 

forward and reverse primers were designed 

for amplification of C-terminal 750 bp region 

for TP53 gene by using Premier 5.0 software 

(National Bioscience), analysed using 

oligoanalyser 3.1 and custom synthesised by 

Integrated DNA technologies (USA). The 

PCR was accomplished with a total of 50 µl 

reaction mixture containing 25 µl Kapa Hi-

fidelity PCR master mix (2X), 1 µl of 20 pM 

each of forward and reverse primer and 3 µl 

of template cDNA. The annealing 

temperature was optimised using gradient 

PCR machine (Veriti Thermocycler, Applied 

biosystems). For optimisation of annealing 

temperature, reaction mixture was divided 

into 5 tubes of 10 µl each, which were 

subjected to different annealing temperatures 

(53℃-61℃) in gradient PCR machine. The 

amplified PCR amplicon was gel purified 

using min-elute PCR purification kit (Qiagen, 

Hilden, Germany) as per manufacturer`s 

protocol. R.E digestion of PCR product and 

pH6HTN His 6 HaloTag T7 Vector 

(Promega, Madison) was done using Apa I 

and Xba I restriction endonucleases (NEB, 

England) at 37℃ for 2 hrs to create 

complementary overhangs. The forward and 

reverse primers used for amplifying the C-

terminal region of TP53 gene were having the 

site for Xba I and Apa 1 at their 5’end. The 

purified PCR product and   pH6HTN vector 

were ligated at 8C-10C overnight using 

T4DNA ligase (Promega, Madison) and were 

transformed into E.coli KRX competent cells 

and plated on LB plates containing 100μlg/ml 

ampicillin. The recombinant colonies were 

identified by colony PCR and were further 

confirmed by plasmid PCR, RE analysis and 

sequencing.   

 

Expression and purification of 

recombinantTP53 
 

The recombinant plasmids were transformed 

into E. coli KRX cells following heat shock at 

42 ℃ for 45 minutes. The cells were then 

plated on LB agar plate containing 100 μg/ml 

ampicillin and kept at 37C overnight. 

Thereafter colonies were revived in LB 

medium for large scale expression and 

purification of recombinant protein. The 

conditions like IPTG concentration, induction 

temperature and time etc were optimised for 

expression of recombinant protein. Optimum 

expression of TP53 protein was observed 

when inoculum was induced for 6hrs with 

Isopropyl--d-thiogalactopyranoside (IPTG) 

and rhamnose at a final concentration of 1mM 

when OD600 nm reached 0.5. The culture was 

pelleted after 6 hrs of induction. The pelleted 

culture was solubilised with 8 M urea, 60 μl 

of lysozyme and 60 μl of protease. 10 mg/ml 

of induced and uninduced culture were 

analysed using 12% sodium dodecyl sulphate-

poly acrylamide gel electrophoresis (SDS-

PAGE) along with protein molecular weight 

marker (Biorad). Once the expression was 

confirmed, recombinant protein was purified 
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by sonicating and loading the supernatant 

onto His Trap FF affinity column packed with 

500 μl of Ni-NTA agarose (Qiagen, Hilden, 

Germany). The impurities were then washed 

by wash buffer containing 100 mM NaH2PO4, 

10 mM tris-Cl and 8 M urea (pH 6.3) and 

finally the recombinant protein was eluted in 

elution buffer containing 100m M NaH2PO4, 

10 mM tris-Cl and 8 M urea (pH 4.6). The 

recombinant TP53 protein was dialysed 

against PBS using dialysis tubing (Sigma 

Aldrich, USA) and analysed for concentration 

by using Qubit fluorometer (Life 

technologies, USA). 

 

Characterization of the polyclonal sera 

raised against TP53 in rabbit 

 

Hyperimmune serum was collected from 

rabbit procured from Livestock Animal 

Research (LAR) section, IVRI, Izatnagar. 

Prior to immunization, pre-immune serum 

was collected and immunization of 

recombinant protein mixed with Freund's 

complete adjuvant (FCA) was done at day 1. 

At 7
th

 and 14
th

day, immunisation was done 

using recombinant protein mixed with 

Freund's Incomplete Adjuvant (FIA).  

 

Hyperimmune sera were collected at 21
st 

day. 

Indirect ELISA was performed for detection 

of antibodies against TP53 by using 

recombinant TP53 as coating antigen and 

plate was kept overnight at 4C . Blocking 

was done with 5% skimmed milk and then 

washed with PBS containing 0.05% tween. 

Primary antibodies (serum samples) were 

diluted 2 folds (1:400, 1:800, 1:1600, 1:3200, 

1:6400, 1:12800, 1:25600) in 1% BSA and 

added in each well. Plates were then washed 

and secondary antibody (anti-dog) HRPO 

conjugate (Sigma, Aldrich) was diluted 

1:10000 and 10 μl was added in each plate. 

Plates were again washed and 100 μl OPD (o-

Phenylenediamine Dihydrochloride) was 

added along with H2O2. Reaction was stopped 

with 1 M H2SO4 and microplate reader (Bio-

Rad, USA) was used to measure optical 

density at 492 nm (Furuya et al., 2013). 

 

Results and Discussion 

 

Histopathological analysis of tumour tissue 

from the case of CMT revealed that the tissue 

was malignant and was classified as solid 

carcinoma. Figure 1 shows microscopic 

image of H&E stained CMT tissue. The tissue 

was used for RNA isolation and amplification 

of TP53 gene. As explained earlier, TP53 

gene was amplified by PCR and the amplified 

gene showed band size of 750 bp upon 

agarose gel electrophoresis (Fig 2). Cloning 

of amplified TP53 gene was done in 

pH6HTNHis6 Halo Tag T7 prokaryotic 

expression vector (Promega).  The 

recombinant clones were confirmed by PCR, 

RE analysis and sequencing. RE digestion of 

plasmid isolated from recombinant colony 

was performed using Xba 1 and Apa 1 

restriction endonuclease, insert of size 

corresponding to TP53 gene (750 bp) was 

released from the vector.  

 

The recombinant plasmid, pHTN-TP53 was 

transformed in E. coli KRX cells. Optimum 

expression of TP53 was observed upon 

induction of recombinant plasmid 

transformed cells for 6 hours with 1 M IPTG. 

Upon SDS PAGE analysis of induced and 

uninduced lysates, 60 Kilo Dalton (60 KDa) 

band corresponding to size of recombinant 

TP53 protein with halo tag was observed as 

shown in fig 3.  

 

Histrap FF column (Qiagen, Germany) was 

used to purify the recombinant TP53 protein. 

When the eluted protein was run 12% SDS-

PAGE, band of size   60 KDa corresponding 

to recombinant TP53 with the halo tag was 

observed. (fig 4). The antibodies raised in 

rabbit against recombinant TP53 were 

analysed for their immunoreactivity with the 
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recombinant TP53 protein by Indirect ELISA. 

Serial two fold dilutions of hyperimmune sera 

reacted specifically with the recombinant 

protein resulting in a linear curve as shown in 

figure 5. The reaction was found to be 

specific and no signal was observed with 

control serum. Though TP53 has been studied 

extensively in human cancer study but not 

much work has been done for studying TP53 

as tumour associated antigen in dogs. The 

study allowed characterization of TP53 gene 

and to access its over expression in canine 

mammary cancer allowing the use of TP53 as 

a prognostic factor in early detection of 

cancer. Further the protein was expressed in 

E.coli and purified protein was isolated 

successfully. The recombinant TP53 from dog 

offers new perspective for its use as 

prognostic factor, development of vaccines 

and drug target in cancer. 

 

Histopathological analysis of H&E stained 

tumour tissue revealed that the tumour was 

malignant and was classified as solid 

carcinoma (Fig.1). 

 

  

 

 

 

 

 

 

 

 

 

Fig.1 Histopathological analysis of H&E stained tumour tissue 

  

                         

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

          

Fig.2 Amplification of TP53 gene from CMT tissue 

Lane (M) 100 bp DNA ladder. Lane (1) Amplified 750 bp TP53 gene PCR products 
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Fig.3 SDS-PAGE Analysis of uninduced and induced recombinant cultures showing  

expression of TP53 protein in E.coli 
Lane U) Lysate from uninduced bacterial cultures 

Lane I1) Lysate from recombinant cultures indued with 1mM IPTG 

Lane I1) Lysate from recombinant cultures induced with 0.8 mM IPTG 

Lane L) Unstained low range protein molecular weight marker 

                  

         

 

 

 

 

 

 

 

 

 

 

Fig.4 SDS PAGE analysis of purified recombinant TP53 protein 
Lane 1) Purified TP53 protein (60kda) 

Lane L) Unstained low range protein molecular weight marker 

 

 
Fig.5 ELISA reactivity of TP53 protein with serial dilutions of rabbit hyperimmune sera 
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In this study canine TP53 was successfully 

cloned and expressed in prokaryotic 

expression system. The antibodies raised 

against the protein in rabbits reacted 

specifically with the protein, showing the 

presence of B cell epitope regions in the 

protein of interest. In future purified 

antibodies raised against canine TP53 can be 

utilized for developing assays for detecting 

TP53 antigen in serum, as well as, tissues of 

dogs with cancers. Till now many studies 

have been done but the quantification of TP53 

in case of CMT is not in routine practice. 

Thus more elaborate research should be 

performed as TP53 has a great potential to be 

used as tumour marker, tumour vaccine 

antigen and molecular target of therapeutic 

drugs. 
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